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MULTIPLEXED NUCLEIC ACID ANALYSIS WITH IMPROVED SPECIFICITY 



Field of The Invention 

Molecular diagnosis and devices therefor. 

5 Bacicgronnd of The Invention 

Human papillomavirus (HPV) is now considered a major cause of cervical cancer, killing 
more than 200000 women around the world each year. The HPV virus is relatively common and 
more than 100 distinct types of HPV have been identified, some of which are considered "high- 
risk" for the development of cancer. Detection of such high-risk types of HPV has significant 
10 impact on diagnosis, prevention, treatment and management of cervical cancer in HPV-infected 
women. 

To date, molecular HPV diagnosis relies on various formats of hybridization technology, 
mcluding southern blot, dot blot, line blot, and in situ hybridization. For example, HybridCapture 
2 fi-om Digene is a nucleic acid hybridization microplate assay based on chemiluminescence for 

15 the qualitative detection, and differentiating low-risk firom high risk groups. Other commercially 
available tests employ similar methods and may detect presence of various types of HPV in a 
patient sample. However, currently known diagnostic methods based on hybridization often lack 
specificity due to cross-h>i)ridization. Cross-hybridization may result in a false positive signal 
due to closely related types of HPV {e.g., where a target DNA has only a single or few 

20 mismatches to the probes being used). To overcome problems associated with cross- 
hybridization, a number of approaches have been developed and used such as stringent 
hybridization and washing, use of PNA, super G and C, universal base stretch, locked DNA, etc. 
However, most of such approaches have limitations in the capability to increase specificity and 
fi-equently increase cost or automation difficulties. 

25 Hybridization specificity may be driven by control of the melting temperature. However, 

Tm-specific hybridization will firequently lead to false positive results due to sequence siniilarity 
of closely related sequence variations. For example, non-specific signals may be obtained where 
a first sequence variation increases a Tm while a second sequence variation decreases the Tm. In 
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addition to the above approach, the specificity may be further improved by employing multiple 
probes (e.g., using a second or third labeled probe for differentiating HPV subtypes. 

Therefore, while there are numerous methods for nucleic acid based testing for HPV and 
other pathogens are known in the art, all or almost all of them suffer from various problems, 
5 which are even more aggravated where such analysis is performed in a multiplex environment 
{e.g., a biochip). Consequently, there is still a need to provide improved methods and 
compositions for molecular diagnostics. 

Detailed Description 

The inventors generally contemplate diagnostic methods that include a primer extension 
10 step in which hybridization specificity is significantly improved by selective choice of PGR ' 

oligos for generation of the amplicon and matching choice of primer extension oligo. It should be 
recognized that contemplated methods are applicable in a variety of diagnostic tests, and that the 
nature of the nucleic acid to be tested may vary considerably. Therefore, suitable tests include 
genotyping of biological specimen, SNP analysis, etc., and may start from DNA as well as from 
15 RNA (hn RNA, mRNA, or other). Particularly preferred methods are performed using microarray 
and/or non-microarray methodologies, and offer higher specificity and sensitivity compared to 
currently used methodologies. 

Typically, most contemplated methods will include a first amplification step in which the 
target material is amplified in a single (e.g., a single tube PGR) or multiple tubes for a subsequent 
20 primer extension analysis step. However, it should be recognized that such first amplification 
may not be necessary in all cases and it is therefore contemplated that the first amplification may 
be omitted entirely so long as the primer extension criteria match the test nucleic acid, 

Amplicon Generation 

. In an especially contemplated aspect of the inventive subject matter, PGR oUgos are 
25 designed such that two criteria are met: First, the choice of the oligos is dictated by the position 
of the sequence variation that is to be detected (wherein the sequence variation is characteristic to 
a particular genotype). Therefore, both primers will flank the sequence variation such that the 
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amplicon and not the primers will include the sequence variation. Second, the primer sequences 
must be chosen such that a DNA product is generated in the PGR to which the primer extension 
oligo can bind at a predefined melting point. Furthermore, where possible, allele specific primer 
may be employed for generating the extension product. 

5 Primer Extension 

Again, two conditions must be met by the primer extension oligo: First, the primer 
extension oligo is selected such that the oligo only binds to the intended target, but not to a 
similar genotype sequence at the same experimental condition. In most preferred aspects, such 
selectivity is achieved via Tm control. Alternatively, or additionally, salinity and/or dielectric 
10 constant of the medium may be altered to modulate binding selectivity. Furthermore, agents that 
disrupt hydrogen bonding (chaotropic agents) may be added. Second, the primer extension oligo 
is further selected such that extension will only occur with proper 3 -end base pairing (i.e., only a 
perfect match at the 3'-end of the extension primer will allow extension). 

Therefore, where multiple sequence variation are to be tested, it should be recognized that 
15 the amplicon primers are chosen such that the amplicon provides a hybridization target having a 
Tm and sequence that is distinct fi-om the Tm and sequence of a second hybridization target of a 
second amplicon. Particularly preferred Tm differences are at least 1 °C, more typically at least 2 
°C, and even more typically at least 4*'C, while the sequence difference between first and second 
extension oligo is at least 1 nucleotide, more preferably at least 2 nucleotides, and most 
20 preferably at least 4 nucleotides. 

It is still further preferred that the primer extension oligo will include a unique sequence 
(preferably with little or no homology [less than 50%] to the amplicon and/or extension product) 
that is used to hybridize the primer (with or without extension) to a predetermined corresponding 
nucleic acid that is preferably at a predetermined position on the chip. Addition of such unique 
25 sequence to the 5 -end will allow rapid correlation of a primer or extension signal to a 

predetermined position on an array. Moreover, it is also preferred that the extension oligo will 
carry a quantifiable marker (e.g^., fluorescent, luminescent, absorbing, or otherwise labeled) that 
allows normalization of the extension signal. 
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Primers complying with these conditions have been found to overcome problems with 
methods relying exclusively on Tm-specific hybridization, which tend to produce false positive 
results due to sequence similarity. Contemplated methods were also foimd to overcome problems 
associated with methods relying exclusively on correct 3 -match, which often lead to false 
positive results due to the inability of the extension polymerase to proof proper hybridization 
conditions towards the 5 -end. 

Sometimes, for a specific type of HPV, random sequence variation may occur within the 
detect region, especially at the region where the 3* terminal of the detection probe binds. This 
situation will prevent primer extension and cause false negative results. To overcome this 
phenomenon, a second probe is employed at a different location within the same amplified 
region. The chance of random sequence variation at two defined location at the same time will be 
a rare occurrence. In the event the first probe fails to detect the virus, the second probe thus 
mcreases the probability of detecting the virus and this will thus minimize false negative results. 

Figure 1 below depicts an exemplary flowchart for contemplated methods: 



Isolatioti of HPV DMA 
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Figure I 



Attorney Reference No.: 100788.0023PRO 



AVAlLABtE COPY 



In a typical process according to Figure 1, DNA is isolated using a commercially 
available kit (e,g,, from QIAGEN or Centra), The typing of HPV DNA is performed using allele 
specific PGR or primer extension. The subsequent procedure of hybridization of products onto 
chip is then performed to visualize or otherwise detect the typing results. 

5 Figure 2 below provides an example of HPV detection from an actual patient sample. 

Here, each type of HPV probe is spotted in triplicate with positive and negative controls onto a 
biofihn chip. The result indicated HPV type 45 infection for the patient and the results were 
verified by DNA sequencing. Exemplary biofihn chips and devices are described in our 
copending applications with the serial numbers PCT/US02/03917, PGT/USOl/47991, and 

10 10/346879, which are incorporated by reference herein. Figure 3 (A) illustrates the detection 
results of HeLa cell infected with HPV 18 and Figure 3 (B) shows the results of Caski cell line 
infected with HPV 16. As in Figure 2, each type of HPV probe is spotted in triplicate with 
positive and negative control. ' 



Figure! ^ Positive control 

Negative Control ► ^^^^^^^Q <— HPV type 45 

Sample labeled with Cy5 dCTP 
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Figure 3 A 
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Figure 3B 



Negative Control 




HPV type 16 



Positive Control 



B. Caski Cell HPV Detection 



Figure 4 depicts the comparison results from the method according to the inventive 
subject matter (A) and from a conventional method based on hybridization (B) using the same 
DNA samples isolated from ME180 cells line. Figure 4 (A) indicates the presence of HPV-68 in 
the ME 180 cell line without ambigjuous, but Figure 4 (B) shows positive signal for both HPV-29 
and HPV-53 besides HPV-68, The extra erroneous signals for HPV-29 and HPV-53 were the 
results from cross-hybridization. 
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Thus, especially suitable methods may include the steps of (a) extraction of DNA from 
patient sample, (b) PGR amplification of a region of HPV genome, (c) allele specific asymmetric 
PGR or primer extension with primers specific to each type of HPV, and (d) optionally labeling 
the extension oligo. The preferred polymerase for primer extension is a polymerase capable of 
5 recognizing structure and conformational differences at or near the 3' end of a primer-template 
complex. In a typical detection, hybridization of the labeled primer extension products takes 
place with capture probes immobilized on a support (the label can be fluorescent, radioactive, 
chemiluminescent, phosphorescent, electrochemical, or chromogenic). 

Experimental Procedure 

Step 1 : Isolate vims DNA from Pap Smear Samples using QIAamp DNA Blood Mini Kit 
Handbook from QIAGEN or using Genomic DNA Purification Kit from Centra. 

Step 2: Perform PGR to ampUfy target sequences in the region of E6 and E7 of HPV 
genome. 

Step 3: Perform HPV Type-Specific Primer Extension Assay with Platinum GenoTYPE 
Tsp DNA Polymerase from Invitrogen. In this step, detectable fluorescent moieties (such as Gy5- 
dCTP or Alexa-dGTP) are incorporated into primer extension products. 

Step 4: Apply sample onto Ghips and perform hybridization with probes immobilized on 
the surface of the chips (HPV Genotyping Ghips from AutoGenomics, Garlsbad, GA) 

Step 5: Wash out imincorporated fluorescent moiety and im-hybridized primer extension 
product and detect signals with Gy3 or Gy5 scanning or other fluorescent detection systems. 

Amplicon Oligos 

Based on sequence homology at the DNA level, a set of primers or degenerated primers 
have been designed. The optimal primers have a Tm about 52 **G to 64 ^'G. 

ForHPV-16 

25 Upstream Primer: 5' GTATATAGAGATGGGAATGC 3* 
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Downstream Primer: 5' GCCTCTACATAAAACCATCC 3' 

ForHPV-18 

Upstream Primer: 5* GTGTATAGAGACAGTATACC 3' 

Downstream Primer: 5' GCTTGTACATAAAACCAGCC 3* 

5 Primer Extension Oligos 

For probes of each HPV type, a unique sequences specific for each type of HPV are 
designed. These probe can be extended with Platinum GenoTYPE Tsp DNA polymerase (from 
Invitrogen) or other enzymes which can recognize the 3' end structure, only in the conditions that 
correct Watson-Crick base pairings are existing at the 3' end of detection probes and templates. 
10 The probes can be 8 to 40 bases in length with oligonucleotide tag sequences attached to them. 
The optimal probes have a Tm about 52 to 65 ^^C, but can be variable from 42 ^^C to 74 X. 

ForHPV-16 

Probe Sequence (ASPE): 5' GTTGCAGATCATCAAGAACAC 3' 

*ForHPV-18 

15 Probe Sequence (ASPE) 5* CGACAGGAACGACTCCAACG 3' 

It should be noted that contemplated compositions and methods invariably provided 
conclusive positive or negative results for a given HPV genotype, whereas some of altemative 
methods solely based on hybridization or primer extension would have provided inconclusive 
results (typically mistyping or false positive results). Furthemiore, most results obtained using 
20 contemplated compositions and methods could be independently confirmed by running known 
assays in the art (which typically required multiple tests in at least some cases to obtain a 
conclusive result). 
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Thus, specific embodiments and applications of primer extension analyses with improved 
specificity have been disclosed. It should be apparent, however, to those skilled in the art that 
many more modifications besides those abeady described are possible without departing firom the 
inventive concepts herein. The inventive subject matter, therefore, is not to be restricted except in 

5 the spirit of the present disclosure. Moreover, in interpreting the specification, all terms should 
be interpreted in the broadest possible manner consistent with the context. In particular, the terms 
"comprises" and "comprising" should be interpreted as referring to elements, components, or 
steps in a non-exclusive manner, indicating that the referenced elements, components, or steps 
may be present, or utilized, or combined with other elements, components, or steps that are not 

10 expressly referenced. 
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